Introduction

▼
Ankle inversion sprain is one of the most common injuries occurring not only in sports, but also in everyday activities [10, 41] . It has been estimated that the incidence is about one ankle inversion sprain per 10 000 people every day [28] . The lateral-ligament complex is the most frequently injured structure in the ankle joint, representing up to 95 % of all documented ankle sprains [29, 32] . Predisposing factors for ankle sprains could be classified as either intrinsic or extrinsic. Some variables such as increased ankle eversion to inversion strength, plantarflexion strength, ratio between dorsiflexion and plantarflexion strength, limb dominance, lower leg alignment, or postural control could be classified as intrinsic factors [5, 18, 25] . Extrinsic factors include physical activity, type of ground and type of shoes worn [34, 36] . The most relevant risk factor for ankle inversion sprain is, however, a previous history of this injury [1, 2] . Up to 80 % of individuals who sprain their ankles have residual symptoms including pain, repeated sprains, and episodes of ''giving way'' [6] . This is defined as chronic ankle instability (CAI). The negative impact of this pathology goes beyond the physical component, if we consider that its estimated annual cost in a small country such as the Netherlands is about € 84 240 000 ($109,242,432) [26] . 2 hypothesized causes of CAI are generally considered: mechanical instability (MI) and functional instability (FI). MI is linked to pathologic laxity, impaired arthrokinematics and synovial degenerative problems [40] . On the other hand, functional insufficiencies include impaired proprioception, altered neuromuscular control, strength deficits, and diminished postural control [18, 24] . However, CAI is a convoluted pathology that should not be simplified to the MI and FI dichotomy, as it often derives from the association of several of the factors included in these 2 elements [18] . Numerous studies indicate that chronic ankle instability with an extra laxity is accompanied by a proprioceptive deficit [14, 34, 38] . Thus, balance training is considered an important part of the rehabilitation process.
The objective of the present study was to determine the effectiveness of a 6-week balance training program on patients with Chronic Ankle Instability (CAI) in relation to the results obtained in Dynamic Balance, subjective feeling of instability and pain using a single-blind randomized controlled trial. 70 athletes were randomly assigned to control or intervention group. The control group performed their usual training, and the intervention group was administered the same usual activity in addition to a balance program. The paired t-test was performed to evaluate the change scores in each group. The t-test for independent samples was performed to evaluate between-group differences in change scores. Significance level was assigned for p-values less than 0.05 for all analyses. There were significant differences between groups in change scores in CAIT and all of the SEBTs reach distances (p < 0.001) but not in Pain (p = 0.586). The effect sizes were larger for the outcomes measures that showed significant differences. In the withingroup change, the experimental groups showed larger effect sizes in CAIT, SEBT posteromedial and SEBT posterolateral, and moderate effect sizes in SEBT anterior. Exercise therapy training based on multi-station balance tasks led to significant improvements in dynamic balance and self-reported sensation of instability in patients with CAI.
While the essence of evidence-based health care lies in monitoring the effectiveness of treatment [27, 35] ., it is not uncommon to find contradictory results using the same variables when balance training is analyzed. Balance training has been employed extensively in patients with CAI, with good clinical results. Although there is a consensus on the benefits of the clinical application of this kind of training, the specific mechanism through which it improves MI and FI in those with CAI remains unclear. Balance training is hypothesized to effectively promote the activity of mechanoreceptors due to the stimulation in the capsule and ligaments of the ankle, which increase their sensory output as gamma motor neurons activate with this training task [41] . Self-reported questionnaires are seeing increased routine use by clinical practitioners and researchers as a valuable and low-cost tool for determining treatment effectiveness. Hiller et al. [21] developed the Cumberland Ankle Instability Tool (CAIT), a discriminative questionnaire [33] for identifying patients with CAI and measuring the degree of severity of their functional ankle instability. Postural control has typically been assessed with variations of the Romberg test using some instruments such as force plates to determine static balance [13, 37] . Nevertheless, this kind of measurement does not seem to be optimal for the detection of motor control deficits related to impaired functional activity and sports performance [23, 39] . The SEBT is a test of dynamic stability that may provide a more accurate assessment of lower-extremity function than tests involving only standing [19] . This dynamic balance test provides accurate data in the measurement of postural control (PC). It may provide a more robust assessment of proprioceptive and neuromuscular performance than traditional measure of PC based on force plate measures [25] . Patients with CAI obtained worse scores in SEBT compared to the non-injured contralateral ankle and the control groups [36] . Thus, the validity of this test and its low-cost requirements make it very attractive for clinical practice [36] . Although CAI is a complex pathology with a heterogeneous etiology, only a few researchers have employed more than one test procedure simultaneously. In this study we focused not on one single aspect of CAI, but rather analyzed different variables that could influence ankle instability such as pain and CAIT and SEBT scores in order to gain further knowledge on the factors that could be related to the presence of CAI. The relationship between these variables could provide valuable insight for the design of treatment plans. Therefore, the aim of the present study was to determine the effectiveness of a 6-week balance training program on patients with CAI through the results obtained in dynamic balance, and by their subjective feeling of instability and pain as indicators of improvement according to the literature on ankle sprain and instability. Our hypothesis was that patients with CAI would improve their feeling of instability and pain, as well as their dynamic balance.
Methods
▼
Subjects
A total of 75 subjects were enrolled in the study. Inclusion criteria were: previous history of unilateral ankle sprain with selfreported subjective feeling of instability at least 6 months prior to the beginning of the study, a CAIT score below 27 and no history of other lower-extremity injuries or neuromuscular deficits. Participants were excluded of the study if they missed more than 2 training sessions. Measures were taken prior to the beginning of the study and then again after 6 weeks of intervention in both groups (May 1, 2012 through June 10, 2012). Finally, 70 subjects met eligibility criteria and were randomly assigned to treatment groups. Anthropometric characteristics of the subjects are provided in • ▶ Table 1 . The study was approved by the Human Ethics Committee of the University of Jaén and meets the ethical standards of the journal in sports and exercise science research [16] . Informed consent was obtained from all participants, and the rights of the participants were protected.
Study design
This study was a randomized controlled trial with blind assessors. The participants (athletes who met the inclusion criteria) were randomly assigned to the intervention or the control group. We conducted random assignment on the basis of block (center of origin) and strata (CAIT score). Group assignments were placed in sealed, opaque envelopes identified only by the participant's number. The flow diagram of patient recruitment and retention can be found in • ▶ Fig. 1 . Instability Tool, scored from 0 (severe instability) to 30 (normal stability). NRS, Numeric Rating Scale, scored from 0 (no pain) to 10 (worst pain). SEBT, Star Excursion Balance
Test in anterior, postero-medial and postero-lateral directions. P-value associated with t-tests for continuous variables and with Chi-Square test for categorical variables.
P- values of < 0.05 were considered statistically significant
Both groups performed their usual strength-training workout routine, comprising lower-body exercises as described in • ▶ Table 2 .
The intervention group received additional balance training that focused on postural and balance control for the lower extremities, as detailed in • ▶ Table 2 . 
Test procedures (dependent variables) Cumberland Ankle Instability Tool (CAIT)
To determine the presence of CAI, participants completed the Cumberland Ankle Instability Tool, a valid and reliable instrument for measuring the severity of chronic ankle instability. CAIT is a widely recommended discriminative instrument for the identification of CAI. For this reason we decided to use this questionnaire instead of other discriminative instruments such as The Foot and Ankle Disability Index (FADI) or the Foot and Ankle Ability Measure (FAAM), particularly after considering that a CAIT score below 27 is one of the inclusion criteria of the present study. Furthermore, CAIT has shown good responsiveness, and its use is recommended for detecting changes over time [3] . CAIT is a 9-item questionnaire with a range score from 0 (severe instability) to 30 (normal stability). According to CAIT recommendations, scores ≤ 27 indicate functional instability [21] . Unlike other self-reported questionnaires, CAIT grades the severity of the instability of the affected ankle [6] . Furthermore, it shows good sensitivity to change, defined as the ability of a measure (or instrument) to reflect underlying change over time [25] .
The Star Excursion Balance Test (SEBT)
To perform the SEBT, patients stood on a single leg with the involved limb placed at the center of a grid with 8 lines extending at 45 ° increments. They then attempted to reach the furthest possible point with one leg while maintaining balance on the contralateral leg. During the performance of SEBT in this study, only the anterior, posterior-medial and posterior-lateral directions were used [19] . The distance from the center of the grid to the maximal reach point was measured in cm with a measuring tape. According to Hertel et al., subjects were allowed 4 tries in each direction to get familiarized with the test [17] . The subjects then performed 3 reaches each in the anterior, posterior-medial and posterior-lateral directions. Patients took a 30-s rest between trials, and the starting position was randomly assigned to avoid a learning effect. The reaches in each direction were normalized with the leg length [12] . Lower limb length was determined, with the subject lying supine, by measuring from the anterior superior iliac spine to the distal end of the medial malleolus. The SEBT composite score was calculated by dividing the sum of the 3 reaches distances in the anterior (A) 
Numeric Rating Scale (NSR)
The NSR is a 10 cm line marked with the numbers 0-10, and divided in equal intervals. NSR is a valid and reliable tool to measure pain intensity [28] . A score of 0 indicates no pain while 10 represents the worst pain imaginable. Patients circle the number that better represents their actual pain status.
Exercise therapy program
The 6-week exercise therapy program comprised 7 tasks performed with different training materials. It could be used by physical therapists to promote a wide variation of different stimuli for strength and coordination. The program was progressive, and the intensity of the exercises was increased with some modifications being added every 2 weeks, as described in
• ▶ Table 2 . Training doses and progression were adapted individually according to patient ability. In order to prevent injury modifications on balance training task should be done only when the easier one is under control. The exercise program protocol included a 5-10 min warm-up period (joints mobility and stretching) followed by a circuit training including all 7 tasks and using the different rehabilitation tools described below:
Exercise mats: To vary the foot support on the ground, mats with thickness ranging from 1 to 10 cm were used. Participants were instructed to maintain a standing position on a single limb, on surfaces of various thicknesses and degrees of hardness to add difficulty to the exercise. The exercise progressed as patients were asked to maintain a stable position in a single-limb stance with their eyes closed.
Dynair: Participants started the training in a double limb stance on the Dynair, and trying to maintain good balance. As the exercise progressed, they changed to a single-limb stance and then they were asked to receive and throw balls in double-and singlelimb stances on the Dynair. Ball weight varied from 1 to 2 kg.
Bosu:
The protocol described with the Dynair was repeated with the Bosu with the only variation of changing the foot support from the convex surface to the inverted position, adding instability and thus making the exercise harder.
Mini tramp:
Participants were told to focus on maintaining position on this surface. As the exercise progressed they were asked to stand on a single limb and then to jump landing on a single limb and finally to throw and receive balls.
Foam roller:
At first a half foam roller was used. Patients were instructed to keep balance in a double-and single-limb stance. Increasing difficulty was added by changing the half foam roller (one side flat) for a classic foam roller (cylindrical). Finally, they were asked to make some functional movements on the foam roller, including throwing and receiving.
Resistance bands: Resistance bands were fastened to the unaffected ankle, while the patients were told to perform front pulls and back pulls as well as adduction and abduction movements with the affected ankle. The resistance of the bands was increased to add difficulty to performing the movements.
Ankle disc:
The exercise performed on the ankle disk was the same as that described for the Dynair. The only difference was the number of pads next to the convex surface. Some pads were removed to make remaining stable more difficult. The circuit consisted of 45 s of work and 30 s of rest between exercises. The complete circuit was performed 2 times consecutively, with a rest period of 2 min. Subjects performed each session 3 times per week.
General strength program for the lower body
Control group performed the general activity they usually carry out without adding any balance training tasks. Common strength training is based on a general guideline for amateur athletes [31] . This program includes single and multiple joint exercises covering the different strength types, eccentric, concentric and isometric, by closed and open chain exercises. Conventional fitness equipment (Technogym, Gambettola, Italy) was employed. All patients were supervised at least twice a week throughout the strength training program to ensure that the exercises were performed properly. The number of sets and repetitions as well as the warm up protocol are detailed in • ▶ Table 2 .
Statistical design and analysis
The sample size was performed using Ene 3.0. The required sample was determined taking as a reference the data reported by de Noronha M et al. [5] . To obtain a statistical significant difference on a two tailed t-test using CAIT scores as dependent variable, with a power of 0.80 and a significance level of 95 %, 31 subjects per group is required. As the study involved 2 groups, the total required sample was 62 subjects. Ultimately, 70 subjects were recruited. The data was described using means and standard deviation for continuous variables and using frequencies and percentages for categorical variables. The normal distribution of continuous variables was verified using the Kolmogorov-Smirnov test (p < 0.05). The comparability of demographic and morphologic characteristics of the groups was determined with t test for continuous variables and with Chi-square test for categorical variables. For analyzing within-group change scores, paired t test was used. To analyze the statistical significance of between-group differences in change scores, t test for independent samples was used. Management and statistical analysis were performed with SPSS Statistical Package for Social Sciences version 17.0 for Windows (SPSS Inc, Chicago, IL, USA) and MedCalc 12.0 (MedCalc, Belgium). Results were considered statistically significant at P value less than 0.05. Effect size (ES) was calculated as the mean difference between groups divided by the pooled standard deviation of both groups. An effect size < 0.2 reflects a negligible difference, between ≥ 0.2 and ≤ 0.5 reflects a small difference, between ≥ 0.5 and ≤ 0.8 reflects a moderate difference, and > 0.8 suggests large differences [7] .
Results
▼
Clinical characteristics
• ▶ Table 1 showed the demographic and morphologic characteristics as well baseline comparability of both group. Both groups were similar in their clinical characteristics as well in CAIT, and
Pain scores at baseline measurement, but they present significant differences in SEBTs scores. Specifically, the control group subjects had higher scores than subjects of experimental group for each SEBTs score.
Effects of balance training on CAIT and Pain
Within-group change scores in the experimental group showed a significant improvement in CAIT but not in Pain. In the control group, the within-group change presents a value in the limits of significance for CAIT. The effect sizes were negligible or small for all groups and larger (ES = 2.32) only for CAIT in experimental group ( • ▶ Table 3 ). The between-group differences in change scores was significant in CAIT (p < 0.001) but not in Pain. Effect size was larger (ES = 2.45) in between-group change scores for CAIT and negligible for Pain ( • ▶ Table 3 ).
Effects of the balance training on the 3 SEBT distances
Within-group changes in experimental group showed a significant improvement for the 3 SEBT reach distances (p < 0.001). In control group, no significant differences in within-group changes were observed in any of these measures ( • ▶ Table 3 ). The effect sizes were negligible for within-group change in control groups and moderate in SEBT anterior (ES = 0.66), and larger in posteromedial (ES = 1.38) and posterolateral (ES = 1.83) distances in experimental groups ( • ▶ Table 3 ). Between-group differences in change scores were significant for all distances (p < 0.001). Effect sizes were larger for all reach distances ( • ▶ Table 3 ).
Discussion
▼
Information obtained from patients during a therapeutic intervention is relevant for researchers, but also for the therapist responsible for the treatment. This feedback is essential for designing and adapting the treatment to the patient's course. This is especially important in sports teams, where a proper control and follow-up of injuries accelerates a return to play. This study is highly practical and it is aimed at becoming a useful reference to those with an interest in the treatment and prevention of CAI. In order to facilitate both the application of the therapeutic training and the measurement of its different variables, Table 3 Baseline, end of treatment, within-group change scores and between-group differences in change scores. we seek to develop an intervention that could be undertaken without complex equipment that requires additional space and economical resources. A balance training program constitutes one of the more extensive interventions for reducing injury rates. It is based on the improvement of different variables that could be considered to be risk factor for injury. The mechanism through which this kind of training results in decreased injury rates is still being studied. Nevertheless, the improvement of sensory-motor input and output, center of mass control, the activation of gamma motor neurons, muscle activation and co-contraction, are well documented and are deemed to be a positive consequence of balance training [5, 7-9, 15, 41] . In the present therapeutic exercise program, we proposed a multi-station circuit training controlled by set time intervals, which consisted of performing different task followed by a rest period. This allows several athletes to be trained simultaneously. Taking into account that intensity is related to the speed of performance and exercise difficulty, this kind of protocol could be used for athletes of different levels. Postural control has been usually deemed as a predictive factor of CAI [12] . Many authors have reported impaired postural control in patients with CAI, and this variable can therefore be measured as an indicator of FAI modification [12, 18, 38] . Nevertheless, it has been shown that dynamic balance assessed by a functional task as SEBT represents a more reliable measurement in patients with CAI than other methods [13 , 30] . SEBT is a reliable and valid measurement tool for predicting risk of lower extremity injury, determining dynamic balance deficits and good responsiveness in training programs [19] . One of the advantages of applying SEBT is that this test has proven to be a useful tool in assessing dynamic postural control, as stated by Fitzgerald et al., [9] . Researchers and clinicians seeking a useful, low-cost and easy-to-apply instrument for identifying changes in dynamic postural control are likely to choose SEBT as part of their outcome measures [18] . Similar studies have applied SEBT as outcome measure to determine the effectiveness of balance training programs. Hale et al. conducted a study based on a rehabilitation program in patients with CAI, and their results suggest that SEBT is a good functional measure for monitoring change after rehabilitation for CAI [15] . Supporting this idea, Mckeon et al. [33] used SEBT, as an outcome measure to assess improvement in CAI patients after a rehabilitation program. In our study, athletes were assigned to an intervention group, which included a specific balance training protocol in addition to normal training, or a control group, which did not received balance training. The results obtained in SEBT reach distance showed within group improvement in all 3 reach directions in the intervention group, while there was no change in the control group (p < 0.001). The effect size and between-group differences indicate that the balance training protocol improved the outcome measure in SEBT, which is deemed to be a valid and reliable test for evaluating balance and dynamic postural control [19] . It suggested that patients with CAI benefit from rehabilitation balance programs due to the interaction of many variables such as coordination, muscular co-contraction and strength, and kinesthesia. Taking into account that CAI may place greater constraints on the sensorimotor system and thus the ability to maintain postural control [13, 33] . Balance training could enhance the ability of the sensorimotor system to overcome the sensorimotor constraints related to CAI. Effect size was large in postero-lateral (ES = 1.83) and postero-medial reach distances (ES = 1.38), and moderate in anterior (ES = 0.66) reach distances. These results are consistent with those obtained in previous studies [8, 15, 33] . A hypothetical explanation concerning the moderate improvement in the anterior direction is based on the altered biomechanics in ankle joint and the presence of range of motion (ROM) limitation in patients with CAI [5, 18, 22] . Nevertheless the study conducted by Filipa et al. [8] on healthy subjects suggested that other factors could be responsible. On the other hand, DFROM is not measured in this study. DFROM limitation may therefore be present in the study population. Taking into account our findings it seems that the balance training program proposed in the present study could improve injury rates if we consider that SEBT may have the potential to be utilized to compare the efficacy of programs that reduce injury rates [8] . Further studies focusing on the different variables that could influence SEBT reach distance are recommended. One of the most characteristic components of CAI is probably the subjective sensation of giving way. The Cumberland Ankle Instability Tool (CAIT) is a self-reported questionnaire that could identify the presence and intensity of CAI [21] . The treatment group showed an increase on CAIT scores to 16.7 %, while scores for the control group did not change. The smallest treatment benefit we might expect in the target population (at a 95 % level of confidence) is 13.3 % better than in subjects not receiving the treatment. We deem this difference large enough to be clinically significant. Although post-treatment improvement in CAIT scores is large, patients obtained a mean score of (26.34 ± 1.644), very close to 27 which is deemed as the punctuation obtained by a healthy patient without CAI [21] . Nevertheless, the difference between the control and the intervention group suggested that balance training can be used to promote functional stability in patients with CAI. Analyzing these results, we can assume that therapeutic exercise improves the severity of CAI and the subjective feeling of giving way. This is of paramount importance not only for sports performance, but also for daily life activities such as walking down stairs, walking or simply standing up in a single-leg stance. CAIT showed good responsiveness [4] , described as the change in time due to therapeutic intervention, and the change in scores of pre-and post-intervention CAIT points for the effectiveness of exercise therapy in CAI patients While pain is one of the residuals symptoms of CAI and is included in CAIT [20] , we decided to analyze pain as an additional variable in the current study. According to literature, the strengthening and the fatigue derived from training could contribute to increased pain in patients involved in balance training [12] . In this study, there were no significant differences in pain pre-and post-intervention, and the results were very similar in the experimental and the control group. We can therefore conclude that this training procedure did not have any influence on the exacerbation or relief of pain.
VARIABLE
Adherence to treatment of all participants was very high with no missed sessions during the program. This could indicate that participants acknowledged subjective feelings of improvement, and that the program design was motivating for the athletes [38] . The dynamic design of the intervention protocol and the use of a variety of implements that pose a handicap to the participants along with the type of exercises would help motivate athletes during training.
